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DATA MINING OF SEQUENCES STORED IN PUBLIC DATABASES IS
A USEFUL TOOL TO IDENTIFY GENES INVOLVED IN OA PATHOGENESIS
O. Martínez de Ilarduya Ruiz, F.J. Blanco. INIBIC-CHUAC, CIBER-BBN/ISCIII, A
Coruña, Spain
Purpose: In the early days of gene expression studies, a common method
was random sequencing of clones derived from cDNA libraries and anno-
tation of the resulting expressed sequence tags (EST). As a result, more
than eight million human cDNA sequences resulting from short single-
pass sequencing reads from a wide variety of tissues and conditions are
stored in the NCBI database. Among them, several thousands correspond
to healthy (HC) or osteoarthritic (OAC) cartilage. It means a wealth of
useful data largely underused. Appropriate analysis using current bio-
informatic tools could help to identify genes relevant for the pathophysi-
ology of osteoarthrosis, as well as the normal homeostasis of healthy
cartilage.
Methods: dbEST division of GenBank was searched for data corresponding
to human normal or OA cartilage. The matching genes were identiﬁed
using the Blast suite. Both data sets were compared to detect differentially
expressed genes. A minimum level of expression of 0.6% (corresponding to
presence of at least 3 transcripts in only one sample) was used as cutoff to
assign speciﬁc expression in one of the conditions. Further analyses using
Reactome and KEGG tools were used to identify biological processes and
functions.
Results: 5224 and 5019 sequences were identiﬁed as unmistakably
derived from HC or OA cartilage, respectively. After removing vector
sequences or too short cDNAs, we selected 4722 HC and 4621 OAC EST,
matching to 2384 or 2009 known sequences, respectively. Among them,
1747 (73.3%) and 1465 (72.9%) genes, respectively, were represented by
a single transcript, showing great diversity and suggesting that deeper
coverage of the libraries is still possible. The identiﬁed transcripts included
known nuclear and mitochondrial genes, as well as previously unanno-
tated chromosomic regions, probably corresponding to non-coding genes.
Themost abundant transcripts in both sets of samples included DCN, GPX3,
CLU or VIM. Remarkably, very few collagen-derived transcripts were
identiﬁed, possibly due to the fact that they are stable proteins with very
low turnover rate. Selection of differentially expressed genes produced
a list of 101 and 91 genes that are preferentially expressed in HC and OAC,
respectively, including mitochondrial and non-coding genes. Some of
them code for already knownmarkers of cartilage damage, (COMP, CRTAC1,
CTGF.) or cartilage integrity (EGR1) while some have not been previously
associated with cartilage damage or protection. Among genes overex-
pressed in HC we found DPP10, CSDA and the ribosomal proteins RPL11 and
RPL41. Genes overexpressed in OAC included the candidate suppressor
gene GLTSCR2, RAB5B or the ribosomal proteins RPS6 and RPS9. Pathway
analysis revealed that genes involved in nicotinate and nicotinamide
metabolism were overrepresented in the HC samples, while genes
involved in glycolysis and aminoacid metabolism appeared overexpressed
in transcripts from OAC.
Conclusions: Data mining of sequences stored in public databases can be
a useful tool to identify genes involved in biological process. We have been
able to identify a series of genes differentially expressed in normal and OA
cartilage. Gene expression experiments will be carried out to conﬁrm these
results in clinical samples and to identify possible interacting factors.
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SALMON CALCITONIN INHIBITED CHONDROCYTE HYPERTROPHY EX
VIVO
P. Chen-An, N. Hansen, Y. He, K.W. Andreassen, K. Henriksen, M.A.
Karsdal, A.-C. Bay-Jensen. Nordic BioSci. A/S, Herlev, Denmark
Purpose: Chondrocyte hypertrophic-differentiation, leading to cartilage
calciﬁcation and sclerosis of subchondral bone, is a key event of the early
OA. An ideal agent for OA treatment should be able to affect both
remodeling of subchondral bone and prevention or regeneration of artic-
ular cartilage. The growing evidence indicates that hypertrophic chon-
drocytes represent a potential target for OA treatment. We have shown
previously that salmon calcitonin could prevent chondrocyte hypertrophywhich was induced by triiodo-L-thyronine (T3). In this study, we aim to
investigate whether salmon calcitonin could inhibit or reverse the chon-
drocyte hypertrophic-differentiation and calciﬁcation of cartilage, to ﬁnd
the evident that calcitonin could be an ideal agent for OA treatment.
Methods: Full depth cartilage (FDC) explants (from superﬁcial to calciﬁed
cartilage) were isolated from bovine femoral condyle and hypertrophy was
induced by culture for 4 days with triiodo-L-thyronine (T3) stimulation.
Non-stimulated explants were cultured as control. Doses of sCT ranged
from 1nM to 100nM were added from day 4 to day 13 without continuous
T3 stimulation. Explants without sCT treatment from day 4were presented
as W/O. Cartilage turnover was measured by biochemical markers of type
II collagen (COL II) formation (PIINP assay) and degradation (CIIM assay).
A sandwich ELISA assay - AGNx-II was used for measuring aggreacan
degradation. Cartilage calciﬁcation was measured as alkaline phosphatase
(ALP) activity by pNPP assay. As markers of hypertrophic chondrocytes,
Indian hedgehog (IHH), COL X, matrix metallopeptidase 13 (MMP-13) and
ALPwere evaluated using RT-PCR.
Results: Hypertrophy was induced by 4 days stimulation with T3. Signif-
icant increased expression was found in all four hypertrophic markers
(p<0.05). At day 8, sCT increased cartilage formation, and decreased
cartilage degradation and calciﬁcation dose-dependently, comparing with
W/O (p<0.001). On the contrary, sCT increased aggrecan degradation
slightly in a dose-dependent manner. Chondrocyte kept hypertrophic-
differentiation without T3 (W/O). Dosis of sCT inhibited MMP13 and ALP
expression, in which 10nM inhibited MMP13 signiﬁcantly (p<0.001). In
contrast, only 100nM sCT suppresses IHH (P<0.05) and COL X expression.
At day 13, sCT increased cartilage formation and decreased calciﬁcation
dose-dependently, comparing with W/O (p<0.01). Interestingly, sCT
decreased aggrecan degradation slightly in a dose-dependent manner at
day 13. Chondrocyte continued hypertrophic-differentiation without T3
stimulation at day 13 (W/O). Dosis of sCT inhibited gene expression of all
four hypertrophic molecular markers in which10nM sCT decreased IHH
andMMP13 expression signiﬁcantly (p<0.001), and the level of IHH, COL X
and MMP13 was lower than control.
Conclusions: The outcome suggests that T3 induced hypertrophic chon-
drocytes at day4, and chondrocyte continued hypertrophic-differentiation
after 4 days without T3. sCT inhibited expression of markers of hypertro-
phic chondrocytes and cartilage degradation at day 8, and could reverse
chondrocyte hypertrophic-differentiation at day 13, in which10nM sCT is
the most promising. Our investigation provides useful information on the
efﬁcacy of salmon calcitonin on hypertrophic chondrocytes and promising
effect for OA treatment.
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CHANGES IN HTRA1 IN CARTILAGE AFTER SINGLE IMPACT LOADING
P. Hernandez, J. Wardale, N. Rushton, F. Henson. Univ. of Cambridge,
Cambridge, United Kingdom
Purpose: The serine protease HtrA1 has been demonstrated to be
increased in osteoarthritic cartilage in both naturally occuring disease and
animal models, however little is known of the control of HtrA1 in cartilage.
In order to begin to identify key events in the control of HtrA1 in response
to challenge, we have investigated the levels of HtrA1 in cartilage explants
from human and horse following Single Impact Loading (SIL), a model for
early OA.
Methods: Full thickness cartilage discs were cultured in 5% CO2 and 20%O2
in DMEM + 10% FCS for up to 7 days (n¼16). Control samples were not
loaded, experimental samples were SIL with 500g from 2.5cm (8MPs).
HtrA1 distribution in cartilage samples was investigated using immuno-
histochemistry, total levels of HtrA1 were quantiﬁed by Western blotting
and densitometry and HtrA1 RNA levels were measured using qPCR with
speciﬁcally designed equine primers.
Results: HtrA1 was demonstrated to increase throughout the cartilage
sections following SIL and subsequent culture, in contrast to being
conﬁned to the superﬁcial zone in control cartilage. Suprisingly, in control
cartilage, western blotting revealed an oscillatory pattern of HtrA1 protein
production, with an approximate ‘cycle time’ of 72 hours. This result was
demonstrable in human and horse cartilage and was repeatable in all
samples studied. Moreover, after SIL this protein pattern did not change
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S126but was shifted temporally. qPCR results conﬁrmed that the oscillationwas
also detectable at the RNA level.
Conclusions: Following dissection and culture, HtrA1 protein and RNA
levels oscillate in articular cartilage. SIL also induces HtrA1 oscillations, but
the oscillation is delayed in onset. We are currently investigating the
mechanisms behind this response. Some evidence exists that cartilage
dissection induces expression of cell cycle proteins, and we propose that
HtrA1 may be involved in the control of the cell cycle in response to
damage.
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STUDY OF THE O-LINKED-N-ACETYL-GLUCOSAMINYLATION OF
PROTEINS INDUCED BY HIGH DOSES OF GLUCOSAMINE AND ITS
CORRELATION WITH OSTEOARTHRITIS PROGRESSION
R. Largo, L. Tardío, J. Andrés-Bergós, G. Herrero-Beaumont. IIS-Fundacion
Jimenez Diaz, Madrid, Spain
Purpose: The addition of O-linked N-acetylglucosamine (O- GlcNAc) on
serine/threonine residues on cytoplasmic and nuclear proteins is a post-
translational modiﬁcation that has been implicated in the regulation of
a variety of signal transduction pathways. O-GlcNAcylation has been also
shown to be deregulated in degenerative and age related diseases, such as
Alzheimer, cancer and diabetes. In fact, we have previously demonstrated
that human OA is characterized by the accumulation of O-GlcNAcmodiﬁed
proteins in the cartilage through the activation of the hexosamine
biosynthesis pathway (HBP). Glucosamine sulfate (GS) is a natural
glycosaminoglycan commonly used for the treatment of OA. Although its
mechanism of action remains to be elucidated, it is known that glucos-
amine at high doses act as an inducer of HBP ﬂux. The aims of this study
were: (1) to determine whether an inductor of HBP ﬂux could modify the
amount of O-GlcNac modiﬁed proteins or the expression of the key
enzymes responsible for GlcNAcylation: O-GlcNAc transferase (OGT) and
O-GlcNAcase (OGA); (2) to assess if this HBP manipulation could have any
effect on the progression of cartilage damage in an experimental model of
OA in rabbits.
Methods: We employed an experimental model of OA in rabbits induced
by anterior cruciate ligament transection and partial medial menisectomy.
OA was induced in 30 New Zealand rabbits that were sacriﬁced 12 weeks
after surgery. 15 of those rabbits orally received GS (1500 mg/day) from 2
weeks before surgery until the end of the study. 8 additional rabbits were
employed as healthy controls. At sacriﬁce, the hyaline cartilage from the
medial tibia was extracted to carry out further protein expression studies.
Some fragments were immediately frozen while others were digested in
order to isolate chondrocytes. Furthermore, femurs were ﬁxed and
embedded in parafﬁn for histological analysis. Cyclooxigenase-2 (COX-2),
OGT, OGA and the amount of O-GlcNAcmodiﬁed proteins were assessed by
western blot analysis employing speciﬁc antibodies. Cartilage lesions were
quantiﬁed employing the Mankin score in sections stained with hema-
toxylin-eosin and alcian-blue PAS.
Results: We observed a signiﬁcant increase in the amount of O-GlcNAcy-
lated proteins in the cartilage of OA rabbits in comparison to healthy ones,
a result that was in line with our data in human OA. In OA rabbits, GS
treatment was able to signiﬁcantly reduce the amount of O-GlcNAc
modiﬁed proteins after 14 weeks of treatment. Regarding OGT protein
expression, OA rabbits showed an increased presence of the short and long
isoforms of this enzyme in the cartilage and in isolated chondrocytes, in
comparison to healthy rabbits (Healthy: 0.6+0.1; OA: 1.7+0.2; p<0.05).
However, GS treatment was unable to modify the presence of this enzyme
in the cartilage of the rabbits (OA+GS: 0.4+0.1). Furthermore, OA induced
a decrease in the presence of OGA in the cartilage that was not modiﬁed by
GS administration either (Healthy: 10.8+1.6; OA: 1.4+0.6*; OA+GS: 1.1+0.3;
* p<0.05 vs. H). GS treatment ameliorated cartilage damage induced by OA
surgery and measured by the Mankin score (OA:9.1+1.3; OA+GS:5.5+0.6;
p<0.05). A decrease was observed in both structural and cellular alter-
ations induced by OA, as well as in the proteoglycan staining. GS also
induced a signiﬁcant inhibition in the protein expression of the proin-
ﬂammatory mediator COX-2 in the cartilage of the rabbits (OA: 2.3+0.3;
OA+GS: 0.4+0.1; p<0.05).
Conclusions: Our results demonstrate that a diminution in OA cartilage
damage paralleled to a diminution in O-GlcNAc protein glycosylation,suggesting that O-GlcNAc glycosilation could have a phisio-pathological
role in OA. However, GS was unable tomodify the presence of the enzymes
that regulate O- GlcNAcylation, wich points out to additional mechanisms
of control of O-GlcNAcylation by GS.
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ANALYSES OF CARTILAGE SUPERFICIAL LAYER USING
IMMUNOHISTOCHEMICAL STAINING
R. Fujioka 1, T. Aoyama 2, T. Takakuwa 1. 1Dept. of Human Hlth.Sci., Graduate
Sch. of Med., Kyoto Univ., kyoto, Japan; 2Dept. of Motor Function Analysis,
Graduate Sch. of Med., Kyoto Univ., kyoto, Japan
Purpose: In recent years, many approaches to cartilage regeneration have
been studied, but only chondrocyte and extracellular matrix(ECM), such as
type 2 collagen and aggrecan, are focused as indicators of tissue regener-
ation. Although it is considered cartilage superﬁcial layer (lamina splen-
dens) is likely to play a key role in the function of articular cartilage, it is
hardly evaluated, since little is known about the components of lamina
splendens. Some studies suggested, in lamina splendens, collagen ﬁbrils
run parallel to the surface of articulation, and it is composed of type 1 and
type 3 collagen instead of lack of type 2 collagen, which is the major type of
collagen in articular cartilage. The purpose of this study is to analyze more
detailed structure of lamina splendens and histological distribution of type
1 and type 3 collagen.
Methods: 1) Samples of pig normal articular cartilage were obtained from
knee joint (tibia). Subchondral bone was cut off and non-decalciﬁcation
parafﬁne specimens were made. After sectioning, they were treated with
anti-type 1 collagen antibodies and anti-type 3 collagen antibodies. 2)
Samples of human and pig normal articular cartilage were obtained from
femoral head or tibia, and sliced one millimeter thick. Specimens were
ﬁxed in 2%GA-4%PFA solution and then postﬁxed in 1% osmic acid,
embedded in epoxy resin, and observed under the transmission electron
microscope (TEM). Other specimens were treated with anti-type 1 and
anti-type 3 collagen antibodies after ﬁxation in 0.05%GA-4%PFA solution,
and embedded in epoxy resin(pre-embedding method). Specimens are
observed using a TEM.
Results: 1) The superﬁcial layer, about 10 um, was stained with both anti-
type 1 and anti-type 3 collagen antibodies. 2) By electron microscopy, two
layers were observed at the surface. One was high electron density layer,
and another was low electron density layer, which contains microﬁbrils.
Both of anti-type 1 and anti-type 3 collagen staining were observed in
these two layers, but their size and shape were not uniform. Microﬁbrils in
low electron density layer were not stained.
Conclusions:Although type 1 and type 3 collagen are contained in carti-
lage superﬁcial layer, it is necessary to examine other molecules to
determine the component of superﬁcial layer.
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INHIBITION OF ASPORIN SIGNALING IS CRITICAL IN THE PREVENTION
OF CARTILAGE DAMAGE BY PHYSIOTHERAPIES
D.M. Knapik, P. Perera, J. Nam, H. Phuloria, S. Agarwal. The Ohio State Univ.,
Columbus, OH, USA
Purpose. Physiotherapies are the most frequently recommended non-
invasive treatment options recommended for arthritic diseases. Here, we
examined the signaling pathways responsible for the beneﬁcial effects of
exercise on various stages of monoiodoacetate-induced arthritis (MIA). We
demonstrate that both success and failure of the physiotherapy is medi-
ated via discrete signaling pathways involving Asporin, a susceptibility
gene in osteoarthritis (OA). Asporin-mediated regulation of matrix
synthesis in turn may regulate Transforming Growth Factor-b (TGF-b)
networks essential for cartilage matrix synthesis.
Methods. Treadmill walking (TW), used as a means of exposing MIA
afﬂicted knees to physiotherapy, was initiated in rats at different stages of
MIA induced cartilage damage and compared to unexercised MIA afﬂicted
knees. TW started at 1 day post-MIA induction, or after cartilage damage
had progressed to Grade I or Grade II. The cartilage specimens were
analyzed by macroscopic, microscopic, mCT imaging, transcriptome-wide
gene expression analysis and activation/suppression of signaling
